University of North Dakota

UND Scholarly Commons
Theses and Dissertations

Theses, Dissertations, and Senior Projects

8-1-1977

Discrimination Learning Sets in Children
Sandra Harrell Fenner

Follow this and additional works at: https://commons.und.edu/theses

Recommended Citation
Fenner, Sandra Harrell, "Discrimination Learning Sets in Children" (1977). Theses and Dissertations. 2910.
https://commons.und.edu/theses/2910

This Dissertation is brought to you for free and open access by the Theses, Dissertations, and Senior Projects at
UND Scholarly Commons. It has been accepted for inclusion in Theses and Dissertations by an authorized
administrator of UND Scholarly Commons. For more information, please contact und.commons@library.und.edu.

y

DISCRIMINATION LEARNING SETS IN CHILDREN

by
Sandra Harrell Fenner
Bachelor of Arts, Winthrop College, 1971
Master of Arts, University of North Dakota, 1973

A Dissertation
Submitted to the Graduate Faculty
of the
University of North Dakota
in partial fulfillment of the requirements
for the degree of
Doctor of Philosophy

Grand Forks, North Dakota

August
1977

This dissertation submitted by Sandra Harrell Fenner in partial
fulfillment of the requirements for the Degree of Doctor of Philosophy
from the University of North Dakota is hereby approved by the Faculty
Advisory Committee under whom the work has been done.

Dean of the Graduate School

ii

Permission

Title

DISCRIMINATION LEARNING SETS IN CHILDREN

Department

Psychology

Degree

Doctor of Philosophy

In presenting this dissertation in partial fulfillment of
the requirements for a graduate degree from the University of
North Dakota, I agree that the Library of this University shall
make it freely available for inspection. I further agree that
permission for extensive copying for scholarly purposes may be
granted by the professor who supervised my dissertation work or,
in his absence, by the Chairman of the Department or the Dean of
the Graduate School. It is understood that any copying or pub
lication or other use of this dissertation or part thereof for
financial gain shall not be allowed without my written permis
sion. It is also understood that due recognition shall be given
to me and to the University of North Dakota in any scholarly use
which may be made of any material in my dissertation.

Signature

Date

iii

ACKNOWLEDGMENTS

I am indebted to Robert Beecroft for his assistance in accom
plishing this study and for his capable guidance throughout my grad
uate studies.
I also wish to thank the members of my committee, Alice Clark,
Donald Tucker, John Tyler, and Robert Wilkins for their advice and
continued support the past years.
Appreciation is extended to Nancy Huntsman for her leadership
and energizing influence in the early stages of this study.
A very special thanks goes to my husband, Bill, whose talents
and support have contributed much to the preparation of this manuscript.

iv

TABLE OF CONTENTS

Page
ACKNOWLEDGMENTS ..............................................

iv

LIST OF T A B L E S ..............................................

vi

LIST OF F I G U R E S ..............................................

vii

A B S T R A C T .................................................... ...
Chapter
I. INTRODUCTION

........................................

1

Theories of Infra-human Learning
Research with Children
Theories of Memory in Children's Learning
Statement of the Problem
II.

M E T H O D ..............................................

35

Apparatus
Procedure
Subjects
III.

RESULTS AND D I S C U S S I O N ..............................

APPENDIX A.

45

Problems to Criterion and Rule-Stating by
Age G r o u p ......................................

55

R E F E R E N C E S ..................................................

57

v

LIST OF TABLES

Table

Page

1.

Stimuli and Order of Presentation......................

41

2.

Problems to Criterion and Rule-Stating by Age Group . . .

56

vi

LIST OF FIGURES

Figure
1.

Page
Photograph of the Modified Wisconsin General Test
Apparatus.....................................
Seven-and

Nine-Year-Olds

37

2.

Learning Set Curves for

....

3.

Learning Set Curves inRelation

4.

Backward Learning Set Curves in Relation to RuleStating ..............................................

to Rule-Stating. . . . .

vii

46
48

30

ABSTRACT

This study investigated the relationship between the formation
of discrimination learning set and children's ability to use logical
thinking as indicated by verbalization of the rule of the problem.
Twenty-seven seven-year-olds and 27 nine-year-olds, all females,
within the average IQ range, were presented four-trial object discrim
ination problems as a game.

Each child was presented 20 problems per

day for one to three days until she reached the criterion of two suc
cessive problems in which no error was made on trials 2, 3, and 4 of
both problems.

After every ten problems the experimenter asked the

subject questions to determine whether she could state the rule of
the game.

Stimuli were three-dimensional geometric designs of vari

ous colors presented in a Modified Wisconsin Testing Apparatus.
Subjects collected marbles as tokens and later exchanged them for
a prize.
Age was not a statistically significant factor in the rate of
learning set acquisition.

The mean problems to criterion was 24 for

seven-year-olds and 22 for nine-year-olds.

The differences in the

rates of acquisition of subjects stating the rule and not stating the
rule was statistically significant.

The mean problems to criterion

was 18 for rule subjects and 27 for non-rule subjects.

For both

groups learning set development did not show until the problem on
which criterion was met.

This is inconsistent with traditionally
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defined learning set as involving a gradual increase in performance,
but indicates that learning set can be quickly formed.
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CHAPTER I

INTRODUCTION

Learning set formation involves the presentation of a series of
problems with a common basis for solution.

It is further defined by the

subject's progressive increase in correct responses on these problems
until a problem in the series is solved with no more than one error.
Three major types of learning set formation have been investigated and
described in the literature:
(3) reversal.

(1) object-discrimination, (2) oddity, and

The present paper is limited to discussion of object-

discrimination learning set which has been the most extensively inves
tigated.
Medin (1972) listed the procedural characteristics of a typical
learning set experiment.

A small, fixed number of trials are given on

each problem with a different pair of stimuli for each problem.

A non

correction procedure is employed throughout and a reward is given for
each correct response.
rates the trials.

An intertrial interval of 10-20 seconds sepa

The basic measure of learning set performance is

improvement in within-problem learning as a function of the number of
trials given.
length.

Two different approaches have been used to problem

They are a large number of problems with few trials per prob

lem or few problems with a large number of trials per problem.
former, fixed-trials procedure, is more widely used.

The

The latter pro

cedure is known as criterion training because the number of trials
1

2
extends until the subject has performed a pre-set number of successive
correct responses or percentage of correct responses over a predeter
mined number of problems.
Many investigators (Harlow, 1949, 1959; Bruner, 1964; Stevenson,
1972) have noted the importance of learning sets.

Harlow (1949) intro

duced learning sets into the literature and was the first to system
atically study the transfer process.

Eight rhesus monkeys were given

344 object-quality discrimination problems in a Wisconsin General Test
Apparatus (WGTA).

Harlow found gradual or trial-and-error learning in

the first eight problems.
or learning set formation.

This was followed by an immediate solving
Subjects made 75 percent correct responses

on Trials 2-6 of problems 1-32 and approximately 96 percent correct
responses on Trials 2-6 of problems 233-344.

These results illustrate

the typical ogival learning set curve which initially is positively
accelerated, followed by negative acceleration.

Learning set curves

plot performance change over problems rather than trials.

It is this

transfer from problem to problem that Harlow called "learning to learn"
or learning set.

The subject learns a rule as the basis of solution to

the problem which it can apply to similar problems.

Harlow stated that

learning set is the mechanism that changes problems from intellectually
challenging to simple tasks, thus freeing the organism to entertain
problems of a higher level of difficulty.
Comparative studies have resulted in an interest in the process
of learning set formation in humans.

Learning set formation has received

considerable attention from developmental psychologists during the past
two decades.

Many of the same experimental and subject variables of
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infra-human research have been found to be related to learning set in
children, and theories have been proposed to explain learning set behav
ior in both infra-human and human subjects.

Most of the research to

date has relied on hypothesis models, such as Harlow's (1959) and
Levine's (1963), to explain learning set behavior.

Basically, these

►

models propose that the subject utilizes systematic response strate
gies that are either problem solving or an obstacle to learning.
There is some suggestion that understanding of the underlying
solution rule facilitates performance, especially when accompanied by
the ability to report it.

Discrimination learning seems related to

concept formation which also requires a rule.

However, the two tasks

require distinguishable skills and experimental conditions, with con
cept formation involving a higher level of intellectual operation, more
analytical thinking, and synthesizing abilities.

Further evidence has

related discrimination learning, concept development, and memory in
children to linguistic and cognitive development.

Verbal mediation

(Vygotsky, 1962) and cognitive (Piaget, 1968) theories have served the
basis for much of these investigations.

The present study explored the

relationship between acquisition of learning sets and verbal mediation
of a rule, and considered Piaget's stages of operational development
for the purpose of follow-up studies.

Theories of Infra-human Learning
Various theoretical statements concerning discrimination learn
ing sets have been presented in the literature.
analyses will be reviewed here.

The major theoretical

Spence (1937) proposed a theoretical

model describing discrimination learning as a cumulation of excitatory
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tendencies resulting from reward strengthening the response to the posi
tive stimulus and inhibitory tendencies resulting from nonreinforcement
strengthening avoidance of the incorrect stimulus.

Each of these tend

encies form gradients of generalization to the other points along the
stimulus continuum.

Harlow (1959) suggested a uniprocess theory of

learning set formation which involves only inhibition of error factors.
According to him, it is not necessary to propose a two-process theory of
excitation of response tendencies following reward and inhibition subse
quent to no reward.

"As these orderly but inappropriate responses are

reduced, the percentage of errors diminishes progressively, and learning
is said to be taking place" (p. 513).

Harlow believed that all insight

ful learning is a result of learning set formation; that is, in order
to solve problems insightfully one must have had previous experience in
solving similar problems.

In reviewing the literature, Harlow concluded

that there is no evidence that unlearned insight exists.
Harlow (1950) initially proposed his error factor theory after
analyzing an experiment in which eight rhesus monkeys were first given
32 preliminary discrimination problems of 30 trials each, then a series
of 299 six-trial discriminations, and, finally, were tested on a series
of 112 discrimination reversal problems.

Progressive improvement in

the ability to solve discrimination learning set problems was found
across problems.

The percentage of correct responses on Trial 2 was

slightly over 50 percent for problems 1-8, and approached 95 percent
for problems 201-312.

The percentage of correct responses was greater

than 95 percent on the last 56 problems.
Error factors were defined by Harlow (1950) as systematic
response tendencies which operate to produce errors in discrimination

5
learning.

The four principal error factors are stimulus perseveration,

differential cue, response shift, and position preference.

Harlow (1959)

discussed these error factors and pointed to their occurrence in his ear
lier study (Harlow, 1950).

Stimulus perseveration involves repetitive

choice of the incorrect stimulus object.

The percentage of Trial 3

responses resulting from stimulus perseveration was reduced from 22 per
cent on problems 1-100, to six percent on problems 101-200, to zero per
cent on problems 201-312.

Harlow stated that these errors result from

the subject’s preferences, absolute or relative, innate or learned; he
noted that they are more persistent in young monkeys.

Differential cue

is a comparison of the difference in the number of errors made on Trial
2 of problems in which the position of the correct stimulus did not
change from Trial 1 with the number of errors on problems in which the
position of the correct stimulus did change.

This ratio was 2.0 on

problems 1-100, 1.5 on problems 101-200, and 1.0 on problems 201-312.
In other words, differential cue errors did not persist past the first
200 problems.

According to Harlow, response shift, the tendency to

make more errors following a correct response than an incorrect
response, is the most persistent error factor in monkeys.
it an exploratory tendency.

He called

Demonstrated only on Trials 4-6, response

shift errors decreased from 9.1 percent when Trial 1 was correct and
6.4 percent when Trial 1 was incorrect for problems 1-100, to 5.3 and
2.3 for problems 101-200, to 3.3 and 1.3 for problems 201-312.

Accord

ing to Harlow, these results indicated an increasing proportion of
total errors on Trials 4-6, and the proportion of response shift
errors increased from 20 percent on problems 1-100 to 61 percent on
problems 201-312.

Position habit errors are consistent responses to

6
either the right or left foodwell regardless of the position of the cor
rect object.

Harlow's data suggested it is an unimportant error source

for monkeys.

In reviewing the literature, Harlow (1959) concluded that

positional error tendencies either do not exist or they are quickly sup
pressed during the first 100 problems.
Levine (1959, 1963) has proposed two hypothesis models for
analyzing data from discrimination set studies.

Levine (1959) stated

that his purposes were to provide a complete set of existing hypoth
eses, to prevent confounding in the measurement of various hypotheses,
and to show the proportion of behavior controlled by each hypothesis.
Levine proposed the following nine hypotheses and their definitions.
Position preference is consistent responding to one position.

Posi

tion alternation is alternation between positions on consecutive trials.
Stimulus preference is consistent responding to one of the stimulus
objects regardless of position or reinforcement.

Stimulus alternation

is alternating between stimuli on consecutive trials.

Win-stay, lose-

shift (with respect to position) means that a response is made to the
position rewarded on the preceding trial, and a response is not made
to the position unrewarded on the preceding trial.

Lose-stay, win-

shift (with respect to position) has just the reverse requirements as
the previously mentioned hypothesis.

Win-stay, lose-shift (with

respect to object) means that a response is made to an object which
has been rewarded on the preceding trial.

Problem-solution behavior

is when the correct response is manifested on the third trial but not
on the second.

Finally, random responding represents responses that

are non-systematic and uncorrelated with stimulus changes.
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In 1963, Levine redefined hypothesis.

"Whereas it had been pre

viously defined as a response pattern, it will hereafter be defined as
the determinant of a response pattern, as a mediating process which
results in the particular response pattern" (p. 255).

Basically, the

same hypotheses are proposed in the two models but the hypotheses of
the 1963 model are organized into two postulates, prediction and
response-set, which yield eight hypotheses when combined with the
assumption that a hypothesis may be contingent upon the stimulus or
the position of the stimulus.

The four prediction hypotheses are win-

stay, lose-shift with respect to stimulus; win-shift, lose-stay with
respect to stimulus; win-stay, lose-shift with respect to position;
and win-shift, lose-stay with respect to position.

The four response-

set hypotheses are stimulus preference, stimulus alternation, position
preference, and position alternation.

Research with Children

Subject Variables
Much of the work on discrimination learning sets in children
has dealt with ontogenetic and cognitive differences which have been
thought to influence the development of learning sets.

Intelligence

quotient, mental age, and chronological age have all been related to
the process of learning set information in children, more than any
other variables.

Hayes, Thompson, and Hayes (1953) found that "nor

mal" two- and four-year-old children did not acquire a learning set
while learning six problems to criterion.

However, a "bright" four-

year-old, and six- and seven-year-old children did acquire a learning
set in one or two problems.

Roberts (1932) found that three-, four-,
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and five-year-olds improved on trials to criterion on a series of three
discrimination problems but the age effect was not significant.

Further

more, two-year-olds did not improve in trials to criterion over problems.
Neimark and Horn (1969) tested a two-year-old girl who developed a dis
crimination learning set on a series of fixed-trial problems.

They con

cluded from a review of the literature that six-year-olds and bright
four-year-olds rapidly acquire a learning set, normal four-year-olds
can acquire a learning set, but more slowly, and suggested that 24-30
months may be the lower age limit for the acquisition of learning sets
in humans.

Levinson and Reese (1967) tested 53 subjects from three to

five-and-a-half years of age and found no age differences in rate of
learning with standard learning set procedures.

These studies suggest

that there are no significant differences in the rate of learning set
formation in the preschool age range.
The variables of mental age (MA) and intelligence quotient (IQ)
have been studied using retarded subjects, normal subjects, and matched
groups of retarded and normal subjects.

Ellis (1958) investigated the

effect of mental age using 100 retarded subjects of high and low mental
ages who learned ten successive object-quality discrimination problems.
Chronological ages (CA) for the two groups were not matched.

Subjects

learned each problem to a criterion of 20 successive correct responses.
Learning set developed in both groups, and the final level of efficiency
was significantly different for the two groups.

The higher MA group

acquired more efficient sets and acquired them more rapidly than the
lower MA group.

The low group reached 100 percent correct responses

on Trials 15 and 16 of the fifth problem and the high group reached
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perfect performance on Trials 11 to 12 of the second problem.

Subjects

have a tendency to response shift, even after 19 successive responses;
this was more prevalent in the low MA group.

There were no differences

in performance of MA groups higher than seven years.
Kaufman and Peterson (1958) compared eight mentally retarded
children (IQs 50-75) and six normal children (IQs 90-109) matched for
chronological age (9-12) on 48 three-trial object-quality discrimina
tion problems.

The normal children reached criterion significantly

sooner than the retarded children; most of the normals required only
half as many problems to criterion as the retardates.

The retarded

subjects exhibited a significantly greater percentage of stimulus per
severation errors than normals, and the authors suggested stimulus per
severation is characteristic of learning of retardates, but not of nor
mals.

Stevenson and Swartz (1958) compared normal and retarded children

employing three groups on the basis of MA.

Normals were superior to

high-level retardates who were superior to the low-level retardates in
rate of learning set acquisition.

The normals and high-level retardates

were matched in chronological age; the low-level retardates were older.
Girardeau (1959) matched mongoloid and normal preschool children for
mental age.

The normal group was significantly superior to the mongo-

loids in learning set formation when trained to a criterion on five
problems.

Jensen (1963) found that rate of learning correlated with

IQ even within a retarded group.

Three groups of junior high children,

retarded (IQs 50-75), average (IQs 90-110), and gifted (IQs above 135)
were required to match five or six different responses.

More variabil

ity was found among the retarded subjects who also showed greater
improvement with practice on the learning task.

The author stated
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that some subjects were able to Improve markedly when the experimenter
added verbal reinforcement or required them to verbalize (name the
stimuli) during the learning task.
Ahlers (1968) investigated the effects of IQ on the formation
of learning sets in five- and six-year-olds using three types of dis
crimination problems.
were:

The problems in increasing order of difficulty

(1) object-discrimination; (2) oddity; and (3) oddity-nonoddity.

Five sets of five problems were used for each type.

Three groups of

subjects had IQs ranging from 85-99, 100-114, and 115-130.

Problem

type was the only significant main effect; oddity performance was
learned faster than object discrimination which was learned faster
than oddity-nonoddity.

There was a significant interaction between

IQ and sets of problems within problem types.

The higher IQ group

improved significantly on each set of problems.
group did not improve after the third set.

The middle-range IQ

The lower IQ group dropped

significantly in performance after the third set, although later on
they recovered the set-three performance level.

Ahlers concluded

that IQ alone does not adequately account for the efficiency with
which learning sets are formed on visual discrimination problems;
rather, IQ and amount of practice interact.

Koch and Meyer (1959)

found a correlation between MA and number of problems necessary to
reach criterion.

They trained 33 preschool children on visual pat

tern discrimination problems, 12 problems daily, six trials per prob
lem until a criterion of 90 percent correct responses in a daily ses
sion was met.

The amount of practice required to reach criterion

varied from 12 to 180 problems.

The authors concluded that between

50 and 90 months of age rate of learning set formation varies with
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intelligence.

They suggested that children under three years old be

tested in order to explore the relationship between monkeys’ and chil
dren's performance abilities further.
Katz (1967) investigated the effects of programming sequence and
problem difficulty on the acquisition of learning sets in 36 lower-class
nursery school children.

One group received simple discrimination prob

lems which progressively became more difficult over three days of train
ing.

A second group received simple problems which abruptly shifted in

difficulty on the second day.

The third group received difficult prob

lems on each day but an equivalent number of problems.

There was not a

significant treatment effect, but the importance of prior training was
emphasized.

All experimental subjects received prior training and

exhibited positive transfer relative to control subjects who were not
given prior training.

The main effect of day was significant; most of

the positive transfer was observed on the second day of testing.
Treatment, day, and IQ significantly interacted to produce differen
tial acquisition curves in normal and low IQ subjects.

Problem

sequence affected the performance of low IQ subjects more than normal
IQ subjects.

High IQ subjects improved over three days for all experi

mental groups, but low IQ subjects in groups 1 and 2 declined in per
formance from Day 2 to Day 3.
of learning set.

A second experiment dealt with retention

Twenty-four subjects who participated in the first

experiment were tested after six months.

These subjects demonstrated

faster learning than a control group matched for IQ, which indicates
some retention.
Harter (1965, 1967) included CA, MA, and IQ as variables in
the same experiment.

In the earlier study three levels of IQ (70,
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100, 130) and three levels of mental age (5, 7, 9) were involved.

The

purpose of this study was to assess the relative contribution of 10, to
learning set formation.

Although MA alone usually has been the focus

of such studies, Harter proposed that simultaneous investigation of
both IQ and MA would yield more meaningful results.

Subjects were

presented with ten four-trial object discrimination problems daily
until they reached the criterion of five successive problems in which
no more than one error was made on Trials 2, 3, and 4 for five succes
sive problems; i.e., 93 percent correct responding over those 15 trials.
When MA was held constant, performance improved with increasing IQ.
When IQ was held constant, performance improved with increasing MA.
IQ and MA interacted significantly.

There were smaller differences

between the IQ groups at the nine year MA level than at the five and
seven year levels.

Chronological age, per se, was not found to con

tribute appreciably to learning set performance, since seven-yearolds were in both the lowest and highest MA and IQ groups, which
showed the slowest and fastest acquisition rates respectively.

Also,

MA, but not IQ, was significantly associated with subjects' abilities
to verbalize the solution.

Harter described IQ as an index of the

relative speed with which a subject learns.

She concluded that CA

reflects the differences in MA, and only to the degree that CA is
correlated with MA can it predict learning ability.

The effect of MA

on learning set formation was not found to hold beyond an upper MA
limit of eight, which supported the results of Wischner, Braun, and
Patton (1962) and was similar to the results of Ellis (1958).
Harter (1967) carried out a later study investigating the role
of MA, LA, and motivational factors in discrimination learning set of
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normal and retarded children.
were obtained.

Significant effects for all three variables

Two levels of MA (5.5 and 8.5), three levels of IQ (65,

100, 130), and two motivational conditions (standard and social) were
employed.

In the standard condition the experimenter was behind a one

way screen; in the social condition, the experimenter and subject were
face-to-face and verbal praise was given to the subject for correct
responses.
were tested.

Both institutionalized and noninstitutionalized retardates
Subjects were presented with 25 four-trial object dis

crimination problems daily under a criterion learning procedure.

The

criterion was the same employed in the earlier study (Harter, 1965).
The higher MA and IQ groups required significantly fewer problems to
reach criterion.
cantly.

Motivational condition and IQ interacted signifi

The normal and high IQ groups at the lower MA level acquired

a learning set more rapidly in the social condition than in the stan
dard condition; performance of the retarded IQ group was facilitated
by the standard condition.

Noninstitutional retardates performed bet

ter than institutionalized retardates.

The type of precriterion

hypothesis used by subjects was related to MA level and institution
alization.

The lower MA subjects had a tendency to use a response

set hypothesis, such as position preference and position alternation,
whereas the higher MA subjects had a tendency to use position contin
gency hypotheses such as win-stay, lose-shift.

Harter suggested that

the institutionalized retardates' greater desire for adult attention
interfered with learning set formation in the social condition, and
that performance differences are both a product of cognitive and
motivational differences.

Subjects at the higher MA level seemed

14
more task oriented and were less influenced by the experimenter’s reac
tions.

Developmentally, the need to interact seems to be replaced by a

need to be correct as symbolized in the rewards chosen by the subjects.
Tangible rewards were preferred by the younger subjects whereas a "good
player award" was preferred by older groups.

Neither sex nor experi

menter variables were significant.
In addition to the developmental and intellectual factors pre
viously discussed, Stevenson (1972) made developmental comparisons of
specific ways in which the child learns something about the type of
problem presented.

Among the factors which may contribute to perform

ance improvement on learning set tasks, Stevenson listed elimination of
stimulus preferences and response biases, attention to relevant cues,
expectancies concerning problem difficulty and reinforcement, and
strategies which maximize information gained from each response.

Gen

erally, children under the age of four prefer color to other stimulus
dimensions and form is dominant for preschool children over four
(Suchman and Trabasso, 1966).

Levinson and Reese (1967) found strate

gies related to position to be dominant in preschoolers and those
related to objects dominant for fifth graders.
metric (junk) objects in four-trial problems.

They presented stereo
Preschoolers were given

ten problems a day for a maximum of 90 problems.

Fifth graders were

seen for one session and given a maximum of 30 problems.

Children

of all ages applied a lose-shift strategy (changed response after non
reward) sooner than a win-stay strategy (repeat a response after reward).
Thus, nonreinforcement was more influential than reinforcement.

Older

children adopt the win-stay strategy sooner than younger children and
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consequently formed learning sets more rapidly.

Berman, Rane, and Bahow

(1970) also found lose-shift learned more rapidly than win-stay at all
ages tested.

They presented to four-, six-, eight-, and ten-year-olds

144 two-trial problems in six daily sessions.

In 12 of the 24 problems

in a daily session a single object appeared in Trial 1 and was rewarded.
In the other 12 problems the object was not rewarded.

The object

(rewarded or not rewarded) appeared with another object on Trial 2.
Ten-year-olds did both problem types with ease.

Children below ten

had difficulty learning to repeat a response after reinforcement.

Per

formance and ability to verbalize the two solutions were not closely
related.

Some children who reached criterion could not verbalize the

basis of their responses and others continued to make errors after
they verbalized the rules.

Stevenson (1972) concluded that learning

sets are learned more slowly by young children because they find it
difficult to adopt the rule of repeating rewarded responses.

Stevenson

suggested that the novelty of a new stimulus may be more attractive than
repeating a response.

White and Plum

(1964) photographed eye movements

of children three-and-a-half to five years old during the period in which
the discriminative stimuli were presented.

Eight two-choice problems

were each learned to a criterion of five out of six correct responses.
Eye movements plotted for the last 12 trials of each problem indicated
an increase in frequency of movements as the subject approached crite
rion and a subsequent decline in eye movements; the children apparently
became more attentive to the stimuli just before solving a problem.
Stevenson (1972) has summarized the process of learning set for
mation.

Generally, learning sets are formed rapidly by children, but

within age groups there are individual differences in the number of
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problems to criterion.

At all ages performance seems to be determined

by the successive application of systematic approaches.
trial-and-error or slow incremental process.

It is not a

Performance does linger

at a plateau for varying lengths of time, then learning sets develop
suddenly (as if insight has occurred) when the child adopts a win-stay,
lose-shift strategy with respect to object.

This transition depends

upon the type of problem, age (as related to HA), intelligence (MA and
IQ), and the manner in which the stimuli are presented, but does not
appear to be highly dependent upon language.

Methodological Variables
The variables that have been found to influence learning set
in monkeys have served as a guide in the investigation of learning set
in children.

Kind and size of stimuli and contiguity of stimulus and

response are the primary stimulus attributes which influence learning
set in monkeys (Reese,1964b).

De Haan and Wischner (1963) compared

stereometric objects with photographs of objects using retarded sub
jects and found no significant effect across 120 problems.

However,

Stevenson and McBee (1958) found faster learning of a three-stimulus
discrimination problem in young children when they were presented with
stereometric objects than when they were presented with pattern stimuli.
Two-stimulus discrimination problems with retarded children have yielded
the same results (House and Zeaman, 1960).

Reese (1963) suggested that

photographs of stereometric objects differ on as many dimensions as the
stereometric objects themselves, which could account for de Haan and
Wischner*s results.

Koch and Meyer (1959) investigated the effect of

stimulus size and stated that cue size has a much less striking effect
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with children than with monkeys.

Performance varied with mental age as

the size of the stimulus decreased.

Little has been done with children

in regard to the variable of separation of stimulus and response locus.
Consistent with infra-human research Murphy and Miller (1959), using
fourth grade subjects, found that a separation of six inches retarded
discrimination learning.

In infra-human research the rate of learning

set formation is a function of the total number of trials, regardless
of their organization across problems as long as the number of trials
per problems is between three and a number greater than 12 but less
than 50 (Harlow, 1959; Levine, Levinson, and Harlow, 1959).

Harter

(1963) specifically investigated this variable and found groups of pre
school children given eight and four trials per problem reached crite
rion in the same number of trials.

It should be noted, however, that

her subjects had an average IQ of over 130.
It is apparent that experimental procedures used in learning set
formation studies have been quite diverse.

Little has been done in the

way of establishing the most efficacious procedures for facilitating
acquisition of learning set.

Considerably more knowledge about optimal

stimuli and procedural variables in learning set formation in children
is needed.

Transfer of Learning Sets
Few studies have dealt with transfer of learning sets in chil
dren.

Harlow (1949) found that preschool children required only 14

problems to acquire reversal learning set after they had previously
acquired a discrimination learning set.

More recently, Crooks (1967)

investigated the influence of overtraining and rule learning on
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transfer of learning set formation in children in a three-variable study.
The variables were number of problems, rule learning, and degree of
training.
lems.

She presented three groups of eight-year-olds with five prob

Rule learning varied across the three groups in whether problems

contained a classification rule and whether the rule was constant from
problem to problem.

Subgroups received either 15, 26, or 50 presenta

tions of the stimuli of each problem.
interactions were significant.

All three variables and their

Most important was the rules x training

x problem interaction; the amount of training given a single problem is
an important variable influencing transfer in learning set formation
only in situations in which the subjects learn a categorization rule
which can apply to other problems.

Retention of Learning Sets
Although learning set acquisition and retention have been
copiously investigated in infra-human species and the acquisition of
learning sets by children has also been studied many times, little has
been reported in the literature concerning children’s retention of
learning sets.

Katz (1967), to the present author’s knowledge, is

the only investigator who has studied the retention of learning set
acquisition in normal children.

Twenty-four nursery school children

showed retention of learning set after a six-month interval.
were compared with a control group matched for IQ.

They

The experimental

group exhibited faster learning than the control group which had not
received prior training.

Wischner, Braun, and Patton (1962) found

learning set retention in mentally retarded subjects after a six
month interval.

Thirty-two subjects were given a maximum of 120
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object quality discrimination problems at 12 per day, three trials per
problem.

A range of performances was obtained; nine subjects reached

criterion within four days and twelve showed little evidence of learn
ing set after completing 120 problems.
was minimal.

Memory loss after six months

With a couple days of practice the criterion group was

able to return to the level of performance at termination of training.
One half of the noncriterion group were believed to have organic dam
age.

A relationship was obtained between MA and learning set forma

tion only for groups with a maximum MA of eight years, which supports
the idea of an upper age limit for maximal learning set formation.
Further research dealing with learning set acquisition and retention
in retarded children only, without comparison to normal children in
the same study, will not be reviewed here.

The reader is referred to

Bricker (1969), Hall (1963), Hayes (1969), and Schaeffer (1970) for
some of the more recent research on factors influencing or facilitat
ing learning set acquisition and retention in retarded children.
Kaufman and Prehm (1966) reviewed the literature on learning sets
in retarded children.

Theories of Memory in Children’s Learning

Verbal Mediation
The Russian psychologists, Luria (1961) and Vygotsky (1962)
have proposed that speech, which originally serves a communication
function, becomes with age a regulator of behavior.

Various learning

situations have been investigated in which performance has been pre
sumed to be a function of verbal mediation.

The impetus for much of
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this experimental exploration resulted from a study by Kuenne (1946) in
which she proposed that the performance of articulate subjects in dis
crimination tasks is controlled by verbal mediation.

Following Spence's

(1937) model she hypothesized that young children would conform to the
theory of performance in nonverbal animals, and added that older chil
dren who can verbalize relationships should be guided by such cues in
making responses.

Forty-four preschool and kindergarten children rang

ing in MA from three to six years were trained on a discrimination
learning task and tested with near and far transposition tests.

The

three- and four-year-old subjects failed to verbalize the general
principal of solution and did not transpose on far tests.

Most five-

and six-year-olds were able to verbalize the principal, either spon
taneously or after questioning, and most of them transposed on the far
tests.

Transposition was high across all levels of MA for the near

stimuli.

The results supported Kuenne's proposals and indicated that

MA is related to the ability to make verbal generalizations.

However,

some children, who neither transposed on the far tests nor verbalized
the solution, were able to identify size differences between the stim
uli.

The children were significantly younger in age than those who

verbalized the solution.

Merely applying labels was not sufficient

to produce mediation.
Numerous studies have been addressed to whether verbal media
tion is a necessary and/or sufficient condition for transposition.
Stevenson (1972) pointed out that young children, even two- and
three-year-olds who are incapable of verbal mediation, respond to
relations among stimuli rather than to their absolute characteris
tics, thus performing as though they were using mediational processes.
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Several studies dealing with this issue (Graham, Ernhart, Craft, and
Berman, 1964; Berman and Graham, 1964; Riley, McKee, Bell, and Schwartz,
1967) have contradicted Spence's model of excitatory and inhibitory
processes.

Other studies dealing with the effects of procedural modi

fications on transposition also failed to support Spence's model.

Num

ber of training pairs of stimuli (Johnson and Zara, 1960), pretraining
in abstracting a common dimension and conducting test trials such as
to increase the child's awareness of the common dimension between
training and testing stimuli (Tighe and Tighe, 1969), making one stim
ulus more visually dominant by gradually fading-in the incorrect stim
ulus (Cole, Dent, Eguchi, Fujii, and Johnson, 1964), and increasing
the difficulty of discrimination between sets of stimuli (Stevenson
and Langford, 1957) have been used to increase the frequency of trans
position.

It seems that mechanisms of transposition are more complex

in the young child than in nonverbal animals.

Marsh and Sherman (1966)

found transposition to differ among children three to five years old
depending upon the dimension verbalized through instruction.

Trans

position was greater when size rather than brightness was verbalized.
Two-year-olds tended to choose the previously positive stimulus.
Results confirm Kuenne's (1946) position that young children may
make appropriate verbalizations that do not control or influence the
child's overt responses.

Furthermore, it has been shown that in some

situations children who can verbalize relations in post-experimental
questioning do not perform as though they are using mediational
processes (Zeiler, 1966).

Stevenson (1972) concluded that language

contributes to learning and transfer, but is neither necessary nor
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sufficient.

A certain level of development seems necessary for the child

to relate words to action.

"Through the use of language the child gains

independence from the characteristics of a particular setting, he learns
more readily, and is able to transfer this learning over a broad range
of situations" (Stevenson, 1972, p. 82).
Studies in transposition of intermediate size show verbalization
to be even less important than with two-stimulus problems; the relation
ship has been described as "complex" and "tenuous" (Stevenson, 1972).
Again, verbal mediation (i.e., possessing the concept of middle size)
is considered to be an insufficient factor.

Stevenson and Bitterman

(1955) suggested that perceptual processes contribute to transposition
in preverbal children.

Their position has some support from studies

which have shown that when the concept of middle size is not understood,
transposition may be facilitated by training procedures which emphasize
relational aspects of stimuli which differ in absolute characteristics
(Reese, 1961, 1962a, 1964a; Rudel, 1957; Gonzales and Ross, 1958;
Beatty and Weir, 1966; Caron, 1966).

However, these results are not

unequivocal (Hansen and Cole, 1968).
Kendler and Kendler (1962), in reviewing their studies on the
relationship between mediational processes and verbal behavior, gener
ally concluded that in early childhood children respond to learning
tasks in a way that is consistent with stimulus-response theory; with
age the tendency to respond in a mediational manner develops.

However,

the Kendlers often found children spontaneously verbalizing the correct
solution without making the correct choice (Kendler, Kendler, and Wells,
1960; Kendler and Kendler, 1961; Kendler, Kendler, and Learnard, 1962).
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These studies partially supported their theory.

Similar to Kuenne’s

(1946) discussion of transposition, they initially proposed (Kendler,
1963) that when verbal mediators are used performance would be deter
mined by what was said.

The Kendlers (1962) next suggested that the

acquisition of verbal labeling is not sufficient to learn a concept
learning problem, but that developmental changes must occur.
devised a reversal-shift problem to test this possibility.

They
Four- and

seven-year-olds were presented a two-choice discrimination problem in
which a large black square was the correct stimulus and small white
square was the incorrect stimulus.

One third of the subjects were

instructed to verbalize the size dimension while learning, one third
were told to verbalize color, and one third served as a control group.
After discrimination training, all subjects were presented a reversal
shift in which the correct stimulus was the smaller of the two, whether
black or white.

The interaction effect of experimental condition and

age approached significance.

The younger children performed better

when they were required to verbalize the appropriate dimension, but
verbalization of the relevant response did not improve performance in
the seven-year-olds.

Seven-year-olds acquired the reversal shift much

more rapidly than the four-year-olds in relevant verbalization and con
trol groups.

Irrelevant responses hindered performance in both groups,

but more so in the seven-year-old group.

The authors interpreted this

to mean that the older children were already operating at a mediational
level and verbalization did not help; irrelevant verbalizations even
interfered.

24
A later study (Kendler, 1964) brought the Kendlers' theory of
mediating links into further question.

Reversal performance was

increased in kindergartners by requiring them to verbalize the basis
of their response, but only when brightness (as opposed to shape) was
the relevant dimension.

Following this, studies (Kendler and Kendler,

1966; Kendler, Kendler, and Marken, 1969) investigating the effects of
number of training trials on reversal learning again offered partial
support to the Kendlers' position on mediation since overtraining
seemed to have no significant effect.

According to stimulus-response

theory, it seemed that amount of training would be related to rate of
extinction and to the time to learn a new response, such that training
would increase the duration of these processes.
As Kendler's (1964) study suggested, the frequency of reversal
shifts seems to be related to the subjects' dominant dimension being
relevant and reinforced (Smiley and Weir, 1966; Tighe and Tighe, 1966;
Eimas, 1967).
information.

Mumbauer and Odom (1967) provided additional relevant
They found that initial discrimination and reversal

learning was faster in five-year-olds when form (dominant) was the
relevant dimension and when the children verbalized prior to respond
ing.

Verbalization and dimension interacted significantly to produce

faster learning only when the nonpreferred dimension was correct.

The

nonpreferred dimension together with nonverbalization retarded learn
ing of various types of shifts.

Stevenson (1972), in light of the

influence of stimulus characteristics on discrimination shifts, ques*

tioned whether verbal mediation is a necessary or sufficient explana
tion of the rapid learning of reversal shifts by some children.
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In response to the Kendlers' research on reversal shift, Maccoby
(1964) stated:

"The question is, then, whether they simply fail to use

the verbal labels which are presumably available to them, or whether
they do use them, but for some reason the words do not serve to mediate
the response" (p. 213).

Reese (1962b) proposed the "mediational defi

ciency hypothesis" regarding developmental changes in language as a
mediator of behavior.

Keeney, Cannizo, and Flavell (1967) described

the hypothesis as:
According to this there is a stage in ontogenesis during which
the child tends not to mediate his overt behavior verbally,
despite the fact that he is able to understand and correctly
employ the responses necessary for such mediation. With
increasing age this discrepancy between purely linguistic
and linguistic-mediational capacities is reduced (p. 953).
Flavell, Beach, and Chinsky (1966), like Maccoby (1964), distinguished
mediation deficiency from production deficiency.

They defined mediation

deficiency as occurring when an appropriate verbal response was made at
the right time but for some reason does not mediate performance.

Produc

tion deficiency was defined as occurring when relevant verbal responses
are never made, thus the subject's subsequent overt behavior appears to
be nonmediated.
A number of researchers have explored the developmental effects
of verbal labeling on short-term memory.

Flavell et al. (1966) investi

gated whether verbal labels increased with age.

Kindergarten, second,

and fifth graders were presented, in random order, seven pictures, each
depicting a single object.

The experimenter pointed to three pictures

in succession and then presented an identical set of pictures in a dif
ferent random order.

The subject's task was to point, in the same

sequence, to the same three pictures.

The objects were familiar
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(e.g., flag, pipe) and easy to label.

Subjects wore a space helmet and

were partially blindfolded as the visor was raised during a delay period
to enable one experimenter to inconspicuously read their lips.
movements were judged as labeling.

Lip

A significant age effect was found

in spontaneous verbalizations with a greater percentage of young chil
dren failing to exhibit lip activity.

However, all subjects could name

the objects when asked, suggesting a production deficiency in younger
children.
Keeney et al. (1967) did a follow-up study with six- and sevenyear-olds, using a similar procedure as the above mentioned study.
Subjects were divided into rehearsers and nonrehearsers on the basis
of spontaneous verbalizations during a 15-second delay between presen
tation and recall.

Rehearsers recalled significantly more items in

the proper order than nonrehearsers of the same age.

Nonrehearsers

were trained, in a short period, to produce the appropriate verbaliza
tions at the right time, thereby increasing their recall score to the
level of the rehearsers.

Subjects who had been induced to verbalize

tended to relinquish this approach when given the option.

The results

suggested that the non-mediated behavior in this study is due to pro
duction deficiency.

The question remains as to why young children fail

to employ words as mediators.

Stevenson (1972) suggested that these

results indicated the child's difficulty in such tasks is due in part
to his failure to use words appropriately in addition to any possibil
ity of a production failure at the appropriate time.

Even younger chil

dren may be able to produce words at the right time and still be unable
to grasp the relationship between their verbalizations and the intellec
tual task requirements.
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Hagan and Kingsley (1968a) found verbal mediation related to
both acquisition and memory.

In one experiment, 28 nursery school

children were presented 11 animal playing cards in serial order.

Eight

of the 11 were presented on each of the 16 trials, for about two seconds
each card.

The cards were laid face down as they were presented.

A cue

card, identical to one of the eight cards, was presented, and the sub
ject's task was to find the matching card.

An experimental group was

instructed to label each card as it was presented, including the cue
card.

A control group required no labeling.

The performance measure

was the percentage of correct first responses at each position.

There

was no difference in overall performance of the two groups; verbal
labels did not facilitate recall.

These results supported a media-

tional deficiency in very young children.

A second experiment utilized

160 pupils in grades one, two, three, and five, randomly assigned to
two groups.

Stimuli and procedure were the same as above except that

the experimenter also recorded the number of errors before the correct
card was turned up.

Age and labeling effects were found.

Labeling

facilitated performance in the younger groups, though not for the tenyear-olds.

The authors concluded that by ten mediation is automatic

and covert and is no longer facilitated by overt verbalization.

The

performance of the six-, seven-, and eight-year-olds suggested a pro
duction deficiency hypothesis to explain learning behavior in these
groups.

When Hagan and Kingsley analyzed their results according to

serial position, they found that labeling aided recall of the last few
cards (recency effect) across age levels but had no effect on recall of
the first items (primary effect).

Primary performance in both experi

mental and control conditions increased with age.
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Bernbach (1967) found that labeling facilitated the performance
of preschoolers when four to eight stimulus color cards were presented,
and facilitated primacy .performance.
colors.

However, these were hard-to-name

Bernbach proposed that verbalizing promotes rehearsal and there

is more opportunity to rehearse the first items.

Also, Stevenson (1972)

suggested that the effects of labeling may depend on list length since
younger children have more difficulty remembering a long list.

Hagan

and Kingsley (1968b) offered some support for these notions when pre
school children who were required to continue rehearsing all the labels
(animals), keeping the total array in mind, performed better than chil
dren given no instructions to label or who labeled without rehearsing.
Stevenson (1972) stated that it appears that younger children may bene
fit from labeling in some situations but they are less likely to rehearse
unless required to do so.

Results of verbal rehearsal may be different

with material to be merely recalled and a task that requires the mediat
ing and overt response to be different.

It seems that verbal mediation

often results in more effective performance by older children, but devel
opmental studies (Stevenson, Iscoe, and McConnell, 1955; Weir and
Stevenson, 1959) in which older children took longer to learn than
younger children indicated this is not always the case.

Stevenson (1972)

proposed that these results are due to the mediational processes of the
older children being of a higher level than the difficulty of the problem.

Cognitive Theories
Vygotsky (1962) ingeniously related'language development to
thought processes.

His view is considered to be intermediate between

cognitive, such as Piaget's, and stimulus-response explanations of
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problem solving behavior.

Vygotsky's mediational theory is best related

in terms of his views on concept formation.
development is determined by language.

Vygotsky stated that thought

The development of processes

which lead to concept formation begin in earliest childhood.

Speech has

social origins; it is learned from interaction with others and is first
used primarily for communication.

Over time it acquires the functions

of organizing and directing actions.
nalized verbal thought.

Only then does it become inter

An essential part of the process of concept

formation is the ability to direct one's own mental processes with
words or signs.

According to Vygotsky, this ability does not reach

its full potential until adolescence.
Concept development (Vygotsky, 1962) is divided into three basic
phases, each going through various stages.

The first phase consists of

a child putting together a number of objects in an unorganized heap
according to his subjective impressions.

The second phase is complex

formation in which a child unites objects by actual, concrete, and fac
tual bonds.

In the most advanced stage a child may group objects by

their physical likeness without thinking of the principle by which
they are grouped.

In this way, he operates with concepts before he

is fully aware of their nature.

The third phase of concept develop

ment involves analysis as well as synthesis of traits.

The child

learns to abstract out certain common attributes and then relearns
to synthesize them.

Only then do genuine concepts emerge.

Until

this time, the child is able to use concepts to analyze his experi
ences but is not able to understand the attributes of the concepts
themselves.

Such understanding comes about as his words acquire
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meaning, and these word-meanings develop through repeated verbal inter
actions with adults.
Operational development has been linked by various theorists and
researchers to language development.

The question seems to remain

whether the relationship is causal or correlational.

Piaget (1968)

believed, based on research by Sinclair de Zwart, that language devel
opment is dependent upon operational development.

This, he stated, is

in opposition to Bruner's position and other American theorists' ideas
that language and symbolic functions are the principal factors in con
servation and operational development.
Bruner (Bruner, Olver, and Greenfield, 1966) synthesized the
ideas of Piaget and Vygotsky.

His enactive, iconic, and symbolic

stages of intellectual development closely parallel Piaget's sensori
motor, pre-operational, and combined concrete and formal operational
stages, respectively.

Bruner's third stage is dependent upon the use

of language as he borrowed from Vygotsky's theory of speech development.
"Without the special training in the symbolic representation of experi
ence, the child grows to adulthood still depending in large measure on
the enactive and iconic modes of representing and organizing the world,
no matter what language he speaks" (Bruner et al., p. 47).

Piaget

attributed both concept formation and memory to cognitive development,
which he covered more than either Vygotsky or Bruner.

Concept forma

tion and memory reflect the stage of operational development a subject
is in.

Piaget (1968) described memory as a system of coding and decod

ing in which the code, which is dependent upon the subject's operational
schemata, is modified throughout development according to the subject's
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operational level.

The sensorimotor stage, in which the child explores

his world by visual and tactual means and develops object permanence
(the knowledge that an object exists even though it is barred from sight),
extends from birth to about two years.

The infant's perception and sen

sorimotor schemes are sufficient for recognition memory.

Evocation mem

ory requires mental imagery or language and an operational or preoperational stage, about two to six years, during which symbolic func
tions and language become important in the child's intellectual develop
ment.

In the latter half of this stage the child acquires intuitive

understanding of classification and seriation.

A third type of memory

is reconstruction memory in which a subject reconstructs a model with
the same materials used in the original presentation.

Reconstruction

memory is like recognition memory because the subject has only to recog
nize the elements of the model placed before him; he does not have to
recall them.

It is also like evocation memory in that the subject must

recall the original configuration without being able to see it or any
arrangement of the materials at the time of reconstruction.
sidered imitation to be a form of reconstruction memory.

Piaget con

In experiments

with four- to eight-year-olds, Piaget found reconstruction always ahead
of evocation.

The child gradually acquires conservation of mass, weight,

and volume during the concrete operational period (between the ages of
6 or 7 and 11 or 12).

During this period he acquires logical thought.

Ages 11 or 12 on through adulthood represent the stage of formal opera
tions in which the child uses complex reasoning and is able to compre
hend abstract concepts.

It seems that subjects at either the concrete

or formal operational level are more likely to be successful with
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evocation memory.

If the child is able to understand the principles of

organization he may use that as a basis for memory, thus, facilitating
recall of the actual configuration.

According to such analysis, memory

may improve over time (Piaget, 1950, 1968).
Piaget (1968) performed a simple experiment addressed to these
ideas and obtained rather interesting results.

Children were shown ten

sticks nine to 15 centimeters in length and ordered from biggest to
smallest.

A week later and six months later they were asked to draw

and describe verbally what they had seen without seeing the configura
tion again.

After one week, the subjects represented the perception in

terms of their operational level.
a line of sticks all the same size.

Three- and four-year-olds remembered
Four- and five-year-olds remembered

big and small sticks in two sizes or, at a more advanced level, triplets
of three sizes.
or five sizes.

Five- to six-year-olds presented small series of four
At the final level, six- to seven-year-olds presented a

series similar to the original with approximately ten different sized
sticks.

After six months 74 percent of the subjects had a better recol

lection of the perceptual model than they had after one week.

Most sub

jects had progressed from one of the above mentioned levels to the next.
Piaget offered the following interpretation:

". . . a memory-image is

not simply the prolongation of the perception of the model.

On the con

trary, it seems to act in a symbolic manner so as to reflect the subject's
assimilation schemes, that is, the way in which he understood the model"
(Piaget, 1968, p. 5).
"copied."

Piaget distinguished between "understood" and

The child's pre-operational or scheme evolved outside the

experiment in six months.

The scheme appropriate to the current
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operational level serves as the code for decoding the original memory.
This conservation and development of schemes Piaget calls memory in
the broad sense, and a problem of intelligence more than memory.

Statement of the Problem
Harlow's error factor theory and Levine's hypothesis behavior
model seem adequate to account for learning sets in infra-human subjects
However, in addition to these stimulus-response theories, a meaningful
analysis of learning sets in human subjects would seem to require ver
bal mediation and cognitive theories.

It appears that verbal mediation

of the principle of solution may be related to the acquisition and reten
tion of learning sets.

Many investigators (Bruner et al., 1966; Piaget,

1968; Vygotsky, 1962) have related language to cognitive development, in
particular concept formation.

The works of others suggest that discrim

ination learning set may be a prerequisite for concept formation (Harlow
1959; King, 1966; Miller, 1971).

Still others have found verbal media

tion related to acquisition of discrimination learning tasks (Kuenne,
1946; Kendler and Kendler, 1962; Jenson, 1963; Harter, 1965) or to short
term memory of discrimination learning (Flavell et al., 1966; Keeney
et al., 1967; Hagan and Kingsley, 1968a). In these studies either rule
stating or labeling stimuli were the verbal mediators.

Spontaneous

verbalizations relevant to problem solution were related to age
(Flavell et al., 1966).

Induced verbalization facilitated mediation

in six-, seven-, and eight-year-olds, indicating that they do not have
a mediational deficiency.
it spontaneously.

Mediation works for them, but they do not do

Older children's behavior was covertly mediated

though induced verbalizations made no difference in their performance
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(Keeney et al., 1967; Hagan and Kingsley, 1968a). In view of this, it
seems that one would find discrimination learning set related to ver
balization of a rule.
An attempt was made in this study to relate the initial behav
ioristic model for learning sets to cognitive models.

It seems reason

able to assume that learning set formation has as its base the acquisi
tion of a rule or cognitive scheme and that verbalization of the rule
would be the best indicator of logical operations in learning set for
mation.

Groups of seven- and nine-year-olds of average IQ were tested.

These ages were selected on the basis of Piaget's stages of cognitive
development and the expectations of the various age groups in regard to
memory and to using logical operations in problem solving (Piaget, 1950,
1968).

Qualitative as well as quantitative differences in children of

the different ages were considered.

CHAPTER II

METHOD

The general method involved having girls, ages seven and nine,
practice a series of discrimination learning problems.

At various

points in practice the children were queried to ascertain if they
could state the rule applicable to solution of the object discrimina
tion problem.

This rule is win-stay, lose-shift with respect to the

relevant discriminanda.

Testing was done in an elementary school

setting using a modified Wisconsin General Test Apparatus.

Descrip

tion of the apparatus, procedure, and subjects follow.

Apparatus
Testing was done in supply rooms, which were neat and roomy, or
the school library.

Only the experimenter and subject being tested were

present except occasionally a teacher came in to get materials; this
presented no problem.

Although "school noises" were present, generally

the rooms were free of aural and visual distraction.

The testing rooms

were well-lighted and included at least one table and two chairs.
A modified Wisconsin General Testing Apparatus was used as
shown in Figure 1.

A 12 in. X 20 in. stage with two circular wells

in. deep, 1 in. in diameter and 7 in. apart was used to present the
stimuli to the subjects.

Foam pads were placed in the wells to prevent

the subject from hearing a marble being placed.

A curtain attached to

an 18 in. X 20 in. frame was drawn to conceal the stage from the
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subject between trials.
the frame.

Strips of wood 1% in. wide were used to make

The stage and frame were constructed out of half-inch ply

wood and painted yellow and blue, respectively.

A curtain was sewn

from a bright, multi-colored cotton print of sketches resembling chil
dren's drawings on a pink-and-white-checked background.

The curtain

was lined with the same fabric to avoid the possibility of the subject
viewing shadows of the experimenter working behind the curtain.
right side of the fabric showed on both sides of the curtain.

The
The

curtain was attached by 1 in. plastic rings to a piece of 3/8 in.
dowling and was drawn back and forth smoothly between trials.
The stimuli consisted of 48 three-dimensional geometric designs
of various colors.
to 24 pairs.

These were randomly assigned, without replacement,

Four colors (blue, yellow, orange, and green) were applied

in different ways to 12 shapes (triangle, cross, X, square, diamond,
circle, pentagon, hexagon, bow, modified L, modified N, and irregular
four-sided) in establishing the 48 stimuli.

Each stimulus was cut from

% in. soft styrofoam, had a flat base, and was 3 in. X 3 in.

The

designs were placed on two 4 in. X 4 in. X ^ in. wooden blocks to pro
vide uniformity and insure concealment of the marble.

The blocks were

painted orange and the bottoms covered with felt to eliminate unneces
sary noise in shifting them.
Clear glass marbles of various colors placed in one of the two
wells served as tokens.

Subjects collected marbles on a 6 in. X 10 in.

X Js in. board, painted green, with 40 holes (five rows of eight holes)
and exchanged them at the end of the experiment for a prize of their
choice (picture or good player award).

The pictures consisted of four
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different 4^ in. X 5h in. pictures of children playing mounted on vari
ous colors of 8 in. X 11 in. construction paper which was then mounted
on a different color of 9 in. X 12 in. construction paper.

The good

player awards consisted of brightly colored sheets of 9 in. X 12 in.
construction paper on which was mounted 5h in. X 9 in. white paper on
which the words "Good Player Award" were lettered, along with the child's
school and date and a place for her name and to which ribbon corners were
attached.

Procedure
The subject was taken individually from her classroom to the
experimental room.

She was seated on one side of the apparatus as the

experimenter sat on the other side.

The experimenter told the child

that she wanted to play a game with her and asked her not to talk to
anyone about it because other people were going to play and she might
spoil the surprise.

The following instructions were then given to the

subject.
See these two holes? (The experimenter pointed.) I am going
to hide a marble in one of them, and then cover the holes
with blocks. So you can't see where I am hiding it, I am
going to close this curtain.
(The experimenter demonstrated
how the curtain closed and opened.) I will hide the marble
and then open the curtain. You may look under one block each
time. We are going to do this several times so you will have
many chances. When you find a marble you may take it out of
the hole here and put it in one of these other holes in this
board.
(The experimenter demonstrated and then let the sub
ject do it.) See how they fit! Now I want you to find as
many marbles as you can. When you find enough you may choose
either a good player award or a picture to take with you.
Four-trial discrimination problems were presented to each subject
until she met the criterion of two successive problems in which no error
was made on Trials 2, 3, and 4 of both problems.

Each problem involved

AO
a separate pair of objects.

One object of each pair was designated as

correct by the placement of a marble under this object.

The positions

of the correct object varied from left to right in a predetermined ran
dom order.

There were 14 possible orders for the position of the correct

object on a single problem (e.g., LRR, RLRR, RLLL, LRLL), excluding pos
sibilities in which the correct object is in the same position on all
four trials (e.g., RRRR).
responses.
objects.

The subject was not allowed to correct her

Each trial ended when the subject picked up one of the
If the selected object concealed the marble the subject picked

it up and placed it on the marble board.

The experimenter closed the

curtain and prepared the stimuli for the next trial during an intertrial
interval of approximately 15 seconds.

The experimenter moved both blocks

on every trial, whether necessary or not, to ensure that the subject
could not make an auditory discrimination.
Each child was presented 20 problems per day for one to three
days depending upon when she reached criterion.

When all 24 pairs of

stimuli had been used once, the experimenter started over with the other
object the correct one.

Some stimuli were used a third time; the correct

object then was the same as the first time the stimulus pair was used.
The order of the position of the correct object on a problem was also
repeated every 24 problems.
order of presentation.

Table 1 illustrates the stimuli and their

Only the dominant color is noted for those

designs on which more than one color was used.
After every ten problems the experimenter asked the subject
questions to determine whether she could state the rule of the game.
If the child had not met criterion the experimenter started with "How
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TABLE 1
STIMULI AND ORDER OF PRESENTATION
LRRL

1. 25. 49.

green

RLLL

2. 26. 50.

orange

LLRL

3. 27. 51.

blue

LRLR

4. 28. 52.

green

RRRL

5. 29. 53.

green

LLRR

6. 30. 54.

yellow

RLLR

7. 31. 55.

yellow

LRRL

8. 32. 56.

orange

LRRR

9. 33. 57.

blue

RRLR

10. 34. 58.

blue

LLLR

11. 35. 59.

orange

LRLL

12. 36. 60.

yellow

LLLR

13. 37.

orange

RLRL

14. 38.

yellow

RLRR

15. 39.

yellow

RLLL

16. 40.

orange

LRLR

17. 41.

blue

RRRL

18. 42.

blue

LLRR

19. 43.

orange

LRRL

20. 44.

orange

LRRR

21. 45.

yellow

RRLR

22. 46.

green

LRLL

23. 47.

blue

RRLL

24. 48.

green
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did you know which was the right answer?"

If the child had met crite

rion the experimenter started with "You seem to have really caught on to
how to play this game.

What did you learn about it that made it easy

for you?" or "How were you able to get so many right near the end?"
depending on the particular child's pattern of performance.

If the

child answered with "I just picked one," "I guessed," or "I don't know,"
the experimenter gave her another chance by asking "How did you know
which one to pick?" and then "What did you do the next time?" if the
child did not provide additional information.

However, the experimenter

always stopped after two "I don't know" responses.

If the child answered

"it's always under the same one" the experimenter asked "How did you know
that?" or if the child answered "It's always under the green one, crosses,
squares, etc.," the experimenter asked "How did you know it was under the
green one, square, etc.?"

If the subject stated the rule for a partic

ular problem (e.g., in which the orange circle was always correct) the
experimenter asked "What about the others?"

The experimenter made every

effort to clarify whether the subject meant block or hole (side) when
just the word "one" was used in explanation.

If it was obvious that the

subject meant block the experimenter would just say "one block?" to which
the subject would reply "yes."

If not obvious the experimenter asked the

subject to demonstrate what she was saying, or if necessary asked "Do you
mean one block or one hole?"
side" in this situation.

Usually the subject's response was "hole or

If the subject responded with an answer that

was not approaching the rule the experimenter made little effort to fol
low it up except to clarify what the subject had just said.

If the sub

ject stated half the rule the experimenter probed until she stated the
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other half.

In the child's language the rule would be "If I picked one

and it's wrong then I pick the other one" and "If I pick one and it's
right I keep on picking it."

If only one statement was given the

experimenter replied with "What happened if you picked the right one?"
or "What happened if you picked the wrong one?"
The experimenter recorded the subject's responses on each trial,
any relevant verbalizations of the subject throughout testing, answers
to the experimenter's questions, the number of marbles on the board at
the end of the session, how long each session lasted, and the prize that
was chosen at the end of testing.

The subject was verbally reinforced

throughout testing for every correct response (e.g., good, fine, OK).
She was thanked for her participation each day and told that she had
done well.

If a child needed to come back a second or third time (until

she met criterion) she was told that the experimenter wanted her to get
more marbles on the board and asked if she would come back.

Not all

subjects could be seen on successive days but no child took more than
one week to complete testing.

Each child was with the experimenter

about 20-25 minutes for each session, depending on the speed of the
child's responses.

The experimenter arranged the materials to look

as much as possible like the end of the previous day.

For example, if

the subject had filled the board and started over with seven marbles
at the end of a day, the experimenter started out with seven marbles
on the board the following day, pointing this out to the subject and
asking her if she remembered everything they did the previous day.

If

the child had as many as 35 marbles on the board at the end of the pre
vious day the experimenter told the subject that it was noted that she

had the board almost filled and suggested that they start with the
board clean.

Subjects
All female pupils in two fourth-grade and two second-grade
classes at Valley Elementary and two fourth-grade and two secondgrade classes at Crestwood Elementary, East Grand Forks, Minnesota,
were seen by the experimenter for at least one session in order to
obtain a prize.

To homogenize the age groups with respect to mental

ability, data were not used for children whose IQs, as estimated by
their teachers, were outside the average 85-115 IQ range.

Four

records were excluded from the analysis because of estimated IQs
below 85 and nine were excluded because of estimates above 115.

Due

to school programs, two children were unavailable for completion of
testing.

Four other children had attended River Heights Elementary,

East Grand Forks, the previous year and were tested by the experi
menter during pilot work for this study.

Eight seven-year-olds and

six nine-year-olds failed to meet criterion and were thus excluded
from the analysis of results.

Twenty-seven females with an average

age of seven years, eight months and 27 females with an average age
of nine years, four months within the average IQ range met criterion
and served as subjects for this study.
The author was the only experimenter.

CHAPTER III

RESULTS AND DISCUSSION

Figure 2 compares the rate of learning set acquisition of all
seven- and nine-year-olds in the study by plotting the cumulative per
centage of seven- and nine-year-olds reaching criterion on each block
of five problems.

At both ages, the form of the curve is linear and

indicates group learning across problems, with the seven- and nineyear-olds moving from 15 percent and 22 percent of the group respec
tively during the first five problems to 100 percent having met crite
rion by the last five problems.

There was no age difference in the

rate of learning set acquisition as indicated by the curves and con
firmed by a t-test (t=.44, p >.05, df«=52).

The mean problems to

criterion was 24 for seven-year-olds and 22 for nine-year-olds.
Although age was not a statistically significant factor, one would
expect that the children forming a learning set most quickly would
be nine-year-olds and that the slowest children would be seven-yearolds.

Accordingly, the mean problems to criterion was computed on

the 13 fastest and 13 slowest subjects in each group.

It was found

that the faster learning nine-year-olds learned faster than the
faster learning seven-year-olds (t=1.12, p >.05, df=24), and the
slower learning seven-year-olds learned slower than the slower
learning nine-year-olds (t=.42, p >.05, df=24), but neither of
these differences were statistically significant.
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Because the
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Fig. 2.

Learning Set Curves for Seven- and Nine-Year-Olds
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differences associated with age are so slight, further differentiation
by age of subjects is unnecessary.
Figure 3 compares rate of learning set acquisition of all sub
jects stating the rule and all subjects not stating the rule with
respect to the cumulative percentage of subjects reaching criterion
on each block of five problems.

It should be kept in mind that sub

jects were questioned about the rule.
rule and 29 did not.
linear curves.

Twenty-five of them stated the

Again, learning is indicated for both groups by

The cumulative percentage of rule subjects reaching

criterion in the first five problems is 20, and the percentage of non
rule subjects reaching criterion in the first five problems is 17.

The

percentages are 44 and 24, respectively on the second block of five
problems.

The cumulative percentage of the two groups remain apart

until the eighth block of five problems by which time 84 percent of
the rule subjects and 79 percent of the non-rule subjects met crite
rion.

A difference is indicated in the rates of acquisition of rule

and non-rule subjects (t=2.16, p <.05, df“52).

The mean problems to

criterion was 18 for rule subjects and 27 for non-rule subjects.
Most subjects who stated the rule did so at the first oppor
tunity provided by the experimenter’s questioning.
made at the end of every ten problems.

Inquiries were

It was expected that most sub

jects stating the rule would be able to do so in close proximity to
meeting criterion if knowing the rule was related to criterion per
formance and if meeting criterion was a way for the subject to check
out the rule.

We know it is possible that the children would state

the rule before criterion was met or state it more than one inquiry
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after criterion because of the way the inquiry was set up, i.e., every
ten problems.

Indeed, two subjects did state the rule before criterion,

and five subjects stated the rule at the second inquiry after criterion.
One of the latter five stated half the rule at the first inquiry.

Only

one subject spontaneously stated the rule five problems after criterion
and before any inquiry.

One subject was able to state only half the

rule; this was done at the first inquiry after criterion.

She was not

given another chance to state the rule because she reached criterion at
the end of the day and did not need to come back.

Although it is not

in keeping with the expected results of this study, it was possible,
too, that some children would state the rule without ever meeting
criterion.

One subject did state the rule at the end of the third

day of testing after being given the maximum number of problems and
without meeting criterion.

Further testing was not administered to

find out whether she would have reached criterion within the next ten
problems as did those who stated the rule prior to criterion.
It is of interest to study the performance of subjects just
prior to achieving criterion to see if there were differences in per
formances of rule and non-rule subjects as the criterion was approached.
Backward learning curves plot performance from the problem on which
criterion is met backward.

Thus, performance just preceding criterion

can be easily compared for groups or individuals regardless of the
point at which they achieve criterion.

The backward learning curves

in Figure 4 illustrate performance on nine problems preceding crite
rion.

With no consistent improvement, the percentage of correct

responses on Trials 2, 3, and 4 vary from 46 to 67 for rule subjects
and from 43 to 60 for non-rule subjects.

The form of the curves is

Percentage Correct Responses (T 234)
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Fig. 4.
Stating.

Backward Learning Set Curves in Relation to Rule-
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similar for rule and non-rule subjects but indicates results unlike
those commonly found for such tasks, i.e., an initial phase in which
a little improvement gradually occurs, followed by a phase in which
criterion is rapidly attained.

Instead, these results indicate a

near-perfect example of stationarity, a mathematical learning con
cept which represents a constant probability of correct responses
over all pre-solution trials or problems and is characterized by
independence from the response values of preceding trials or prob
lems (cf. Atkinson, Bower, and Crothers, 1965).

In Figure 4, learn

ing set development does not show until the problem on which crite
rion is met.

Prior to the criterion problem, the level of correct

responding varies little around chance performance for both rule
and non-rule subjects.
The results of this study confirm the experimenter's expecta
tion that discrimination learning set formation is related to verbal
ization of the rule.

It has been suggested by many investigators that

discrimination learning is related to verbal mediation (Kuenne, 1946;
Kendler and Kendler, 1962; Jensen, 1963; Harter, 1965) and that the
ability to use logical thinking facilitates problem solving (Piaget,
1950, 1968).

Subjects who stated the rule performed better than sub

jects who did not do so.

However, the results of this study do not

support Piaget's proposed ages at which logical operations develop.
According to Piaget's theory, one would have expected less overlap
in performance in the seven- and nine-year-olds in this study.

One

would expect more nine- than seven-year-olds to have reached the
stage of concrete operations in which logical thinking is said to
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occur.

Although the results support the idea that logical operations

have begun to develop by the ages of seven and nine, there were no age
differences in performance or statement of the rule.

This result con

firms the findings by other experimenters of upper age limits of seven
or eight in the ability of children to solve discrimination learning
set problems (Ellis, 1958; Harter, 1965; Wischner et al., 1962).
The observations that five subjects did not state the rule
after criterion and 29 subjects met criterion without even stating
the rule suggest that rule stating is not a necessary element in
learning set formation.

The observation that two subjects stated

the rule before criterion further complicates the issue.

Alone, this

observation would suggest that understanding the rule made it possible
for learning set formation to occur.

Because subjects were questioned

at the end of every ten problems, it is difficult to know if those sub
jects stating the rule at the first inquiry after criterion would have
stated it earlier.

In these cases, empirical learning is also possible;

practice on problems could have influenced rule statement.

There is

still the possibility of rule verbalization either leading to or being
independent of learning set formation.

It was noted that 24 of the 25

subjects who reached criterion and stated the rule maintained criterion
performance for the remainder of the session and only four of the 29
subjects who reached criterion but did not state the rule maintained
criterion performance for the remainder of the session.
latter group stated half of the rule.

One of this

These findings seem to give

further credence to the hypothesis that rule stating ability is related
to learning set formation, especially when transfer of the principles
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occurs from one problem to another which has been suggested by other
studies dealing with transfer of learning (Crooks, 1967).
Considering all the variations in the results of the rule inquiry,
it is difficult to conclude from this study that rule stating is empiri
cally achieved through learning or that the ability to state the rule
exists independent of learning.

There seems to be evidence for both

theoretical positions and exceptions to them.

It is further suggested

by this experiment that although it is possible given enough training
to develop a learning set, the quality of such performance, in partic
ular the ability to transfer knowledge from one situation to another,
depends on a certain level of cognitive development as represented by
the ability to verbalize the underlying principle.

This idea would be

better supported by a study in which less overlap occurred in perform
ance and rule stating by different age groups.

Nothing in this study

disputes that language and cognitive development are related, as other
investigators have suggested (Bruner et al., 1966; Piaget, 1968;
Vygotsky, 1962), but the results best confirm Stevenson’s (1972)
analysis of how language and cognitive development are related to
learning.

He concluded that language is not necessary or sufficient

for learning; rather, a certain level of development enables the child
to relate language to behavior whereby the child learns faster and is
able to transfer her knowledge to other situations.

In this study,

verbalization of the rule was not necessary for learning but it was
related to how readily a child learned and whether this level of per
formance was maintained in subsequent problems.
The results of this study indicate that learning sets can be
quickly formed.

The reader is reminded that Harlow (1949, 1959)
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disagreed with proposals for unlearned insight (Kohler, 1925).

Harlow

viewed insight as a result of learning set formation and believed that
the process was initially gradual or trial-and-error learning followed
by an immediate solving of new problems.

The children did not improve

their performance in the gradual way learning is traditionally con
ceived.

The results might have shown individual problem learning and

a gradual overall improvement if more trials per problem had been
presented.

The present experiment and other previous ones may be

criticized for using only four trials per problem, thus limiting the
conditions for studying individual problem learning and restricting
generalization of the results.
consideration.

Future studies should take this into

It is interesting that one other investigator,

Stevenson (1972) saw learning set formation as sudden as opposed to
a trial-and-error or slow, incremental process.

According to

Stevenson, performance lingers at a plateau for varying lengths of
time and insight occurs when the child adopts a win-stay, loseshift strategy.

When this occurs depends upon both experimental

and developmental factors.

Mental age is one of the more interest

ing developmental factors with respect to the present study.

It

would be interesting to investigate the relationship between MA and
the age at which logical thought develops, using Piaget's stage of
concrete operations (ages 6 to 12) as a base.

APPENDIX A
PROBLEMS TO CRITERION AND RULE-STATING BY AGE GROUP
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TABLE 2
PROBLEMS TO CRITERION AND RULE-STATING BY AGE GROUP

Subj ect
Number

Problems to
Criterion

RuleStating

Subj ect
Number

Problems to
Criterion

RuleStating

1
2
3
4
5

6
2
33
35
41

yes
yes
yes
no
yes

51
52
53
54
55

43
52
45
6
9

no
no
yes
no
yes

6
7
8
9
10

4
7
8
19
23

no
yes
yes
no
no

56
57
58
59
60

36
25
10
38
43

no
no
yes
no
yes

11
12
13
14
15

6
26
15
39
30

yes
yes
yes
no
no

61
62
63
64
65

22
17
16
5
23

yes
yes
yes
no
yes

16
17
18
19
20

28
30
45
4
20

no
no
no
no
no

66
67
68
69
70

4
17
5
13
57

no
yes
yes
no
yes

21
22
23
24
25

42
46
60
28
2

no
no
no
yes
no

71
72
73
74
75

31
39
7
3
2

no
no
no
yes
yes

26
27

36
17

no
no

76
77

15
2

yes
yes
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